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© The image sensor (1a) has a transparent sub- 
strate (2) supporting a two dimensional array (3) of 
photosensitive and switching elements (4) with 
switching signal conductors (5) and data signal con- 
ductors (6) connected to the photosensitive and 
switching elements (4) for enabling individual pho- 
tosensitive elements to be accessed. The photosen- 
sitive and switching elements (4) and the conductors 
(5 and 6) are arranged such that at least half of the 
area of the image sensor is transparent during op- 
eration. Each photosensitive element is electrically 
coupled to a respective capacitor (7) for storing 
charge generated as a result of light being incident 
on the photosensitive element. The capacitors (7) 
are formed so as to be transparent and so as to 



occupy a. significant part of the entire area of the 
array (3). The transparent capacitors act effectively 
to increase the sensitivity of the photosensitive ele- 
ments by enabling a high quantity of charge to be 
stored in response to light incident on the photosen- 
sitive elements so enabling the photosensitive ele- 
ments (4) to be quite small while still providing 
sufficient signal to enable high accuracy in the sens- 
ing of an image. 
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transparent, the switching signal conductors being 
opaque and the photosensitive and switching ele- 
ments being provided on the switching signal con- 
ductors so as to be shielded from the transparent 
substrate characterised in that two or more pho- 
tosensitive elements are associated with the same 
pair of switching signal and data signal conductors 
and are arranged to have different switching signal 
thresholds so that the two or more photosensitive 
elements can be accessed separately by applying 
different threshold switching signals to the switch- 
ing signal conductor. 

This enables the number of conductors to be 
reduced with respect to the number of photosen- 
sitive elements which should enable a greater area 
of the image sensor to be transparent whilst still 
achieving the same or similar resolution. Where the 
image sensor is to be provided on top of an active 
matrix-addressed electro-optic display this should 
enable the image sensor to have the same number 
of switching signal and data conductors as the 
display, so allowing the switching signal and data 
conductors of the image sensor to be aligned with 
the corresponding conductors of the display device 
and in particular with any mask used to shield the 
display switching elements from incident light. This 
should allow minimum, if any.obscuration of the 
display image by the image sensor while allowing 
the image sensor to have a higher resolution than 
the display. This should enable the image sensor 
to be able to sense or read text and should allow 
for optical character recognition with appropriate 
circuitry and software. 

Each switching element may comprise a diode 
or a number of series-connected diodes. In another 
example each switching element may comprise an 
insulated gate field effect transistor and the transis- 
tors associated with different ones of the two or 
more photosensitive elements may have different 
threshold voltages by, for example, providing a 
respective voltage-adjusting element between the 
gate electrode of the transistor and the switching 
signal conductor. 

The present invention also provides a method 
of forming a colour image sensor which method 
comprises providing an image sensor in accor- 
dance with the first aspect of the invention on a 
colour display device, for example a liquid crystal 
display device, activating the colour display device 
so as to illuminate an image being sensed by the 
image sensor sequentially with three different col- 
ours of light, reading out sets of signals from the 
image sensor representing the image as sensed 
under each different colour illumination and com- 
bining the three sets of signals to produce a set of 
composite signals representing the full colour im- 
age. 
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With such an arrangement there is no need to 
provide colour filters within the image sensor and 
the image sensor can be adapted for colour image 
sensing simply by combining it with a conventional 
s colour display. Although a Cathode Ray Tube 
(CRT) display device could be used, the use of a 
colour active matrix addressed display device has 
advantages because such a display is flat and 
compact allowing for formation of an easily porta- 
w ble device. 

Any suitable three 'colours' of light may be 
used for example the three primary (red, green and 
blue) or the three complementary {cyan, magenta 
and yellow) may be used. As a possible alternative 
75 one of the colours of light may be white light and 
the other two may be any selected two of the 
complementary colours). 

Embodiments of the invention will now be de- 
scribed, by way of example, with reference to the 
20 accompanying drawings, in which: 

Figure 1 is a schematic circuit layout of one 
example of an image sensor in accordance with 
the invention; 

Figure 2 is a schematic plan view of part of the 
25 image sensor shown in Figure 1 but illustrating 
only the conductive levels so as to show the 
geometric relationship between various compo- 
nents; 

Figure 3 is a cross-sectional view of part of the 
30 image sensor shown in Figure t taken along line 
Ill-Ill in Figure 2; 

Figure 4 is a schematic circuit layout of one 
image area of a modified version of the image 
sensor shown in Figure 1; 

35 Figure 5 is a cross-sectional view of part of a 
modified version of the image sensor shown in 
Figure 1 taken along the line V-V in Figure 2; 
Figure 6 is a schematic circuit layout of another 
example of an image sensor in accordance with 

40 the invention; 

Figure 7 is a schematic plan view of part of the 
image sensor shown in Figure 6 but illustrating 
only the conductive levels so as to show the 
geometric relationship between various compo- 

45 nents; 

Figure 8 is a cross-sectional view of part of the 
image sensor shown in Figure 6 taken along the 
line VIII-VIII in Figure 6; 

Figure 9 is a schematic circuit layout of one 
so image area of a modified version of the image 
sensor shown in Figure 6; 
Figure 10 is a cross-sectional view of a picture 
element area of a liquid crystal display device; 
and 

55 Figure 11 is a cross-sectional view of a com- 
bined image sensor and display device in accor- 
dance with the invention. 
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This invention relates to an image sensor com- 
prising a transparent substrate supporting a two 
dimensional array of photosensitive and switching 
elements and switching signal conductors and data 
signal conductors connected to the photosensitive 
and switching elements for enabling individual pho- 
tosensitive elements to be accessed, the photosen- 
sitive and switching elements and conductors being 
arranged such that at least half of the area of the 
image sensor is transparent during operation. 

Such an image sensor is described in EP-A- 
378593 (International Publication No. WO 
89/09960). The image sensor described in that 
document has a matrix array of photosensitive di- 
odes connected back to back with switching diodes 
between row and column conductors. Each pho- 
tosensitive diode may be formed on top of the 
associated switching diode. The image sensor is 
designed to be placed on top of, for example, an 
electro-optic display which requires the image sen- 
sor to be sufficiently transparent that the image 
produced by the display is still identifiable when 
viewed through the image sensor. As indicated in 
the document, the photosensitive diodes are de- 
signed to occupy equal to or less than 50% of the 
surface area of the image sensor. Clearly, the 
smaller the area occupied by the photosensitive 
diodes the better the view of the display image 
which can be obtained through the image sensor. 
However, the light collection efficiency of the pho- 
tosensitive diodes reduces with area. It is accord- 
ingly necessary to accept a compromise between 
the dynamic range (that is the detection limit or 
number of gray scale levels which can be detected 
under a given illumination level) of the image sen- 
sor and the degree of obscuration of the display 
device. 

It is an aim of the present invention to provide 
an image sensor which is highly transparent but 
which also has a good dynamic range to enable 
efficient image detection. 

According to a first aspect of the present in- 
vention, there is provided an image sensor com- 
prising a transparent substrate supporting a two 
dimensional array of photosensitive and switching 
elements with switching signal conductors and data 
signal conductors connected to the photosensitive 
and switching elements for enabling individual pho- 
tosensitive elements to be accessed, the photosen- 
sitive and switching elements and conductors being 
arranged such that at least half of the area of the 
image sensor is transparent during operation, 
characterised in that each photosensitive element 
is electrically coupled to a respective capacitor for 
storing charge generated as a result of light being 
incident on the photosensitive element, the capaci- 
tors being formed so as to be transparent and so 
as to occupy a significant part of the entire area of 



the array. 

As used herein the term Might' normal means 
electromagnetic radiation visible to the human eye 
but could be applied, by the use of appropriate 

5 materials to form the photosensitive elements, to 
electromagnetic radiation in, for example, the near 
infra-red and the term 'transparent' means that the 
material concerned absorbs very little, for example 
less than about 20%, of the light incident thereon. 

70 Thus, by storing charge generated as a result 
of light being incident on the photosensitive ele- 
ments, the transparent capacitors act effectively to 
increase the dynamic range of the photosensitive 
elements by enabling a high quantity of charge to 

75 be stored in response to light incident on the 
photosensitive elements. The light capturing area 
of the photosensitive elements can therefore be 
quite small while still providing sufficient signal to 
enable high accuracy in the sensing of an image. 

20 The array may be, for example, up to about 90% 
transparent enabling it to be provided over, prob- 
ably in contact with, a display device (which may 
be a cathode ray tube or other form of electro-optic 
display device such as a liquid crystal display 

25 device) without the image sensor unduly interfering 
with the image projected by the display device 
during its normal use. Where at least the switching 
signal conductors are opaque, the photosensitive 
elements may be shielded from the transparent 

30 substrate by the switching signal conductors. Thus, 
the photosensitive elements may be provided on 
top of the opaque switching signal conductors 
which reduces the area of the image sensor oc- 
cupied by non-transparent components while 

35 shielding the photosensitive elements from light 
directed at the substrate for example from an 
electro-optic display on which the image sensor is 
mounted. 

Two or more photosensitive elements may be 

40 associated with the same pair of switching signal 
and data signal conductors and arranged to have 
different switching signal thresholds, for example 
by being associated with switching elements with 
different switching thresholds, so that the two or 

45 more photosensitive elements can be accessed 
separately by applying different threshold switching 
signals to the switching signal conductor. 

In another aspect, the present invention pro- 
vides an image sensor comprising a transparent 

so substrate supporting a two dimensional array of 
photosensitive and switching elements and switch- 
ing signal conductors and data signal conductors 
connected to the photosensitive and switching ele- 
ments for enabling individual photosensitive ele- 

55 ments to be accessed, the photosensitive and 
switching elements and conductors being arranged 
such that a substantial part for example at least 
about half, of the area of the image sensor is 
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It should of course be understood that the 
drawings are merely schematic and are not to 
scale, for example various dimensions, such as the 
thickness of layers, may have been relatively exag- 
gerated in the interests of clarity. 

Referring now to the drawings, there are illus- 
trated various examples of image sensors in accor- 
dance with the invention. In each case, the image 
sensor 1a,1b,1c or 1d comprises a transparent 
substrate 2 supporting a two dimensional array 3 of 
photosensitive and switching elements 4 with 
switching signal conductors 5 and data signal con- 
ductors 6 connected to the photosensitive and 
switching elements 4 for enabling individual pho- 
tosensitive elements to be accessed, the photosen- 
sitive and switching elements 4 and the conductors 
5 and 6 being arranged such that at least half of 
the area of the image sensor is transparent during 
operation. 

In accordance with the invention, each pho- 
tosensitive element is electrically coupled to a re- 
spective capacitor 7 for storing charge generated 
as a result of light being incident on the photosen- 
sitive element, the capacitors 7 being formed so as 
to be transparent and so as to occupy a significant 
part of the entire area of the array 3, where the 
term 'significant part' should be understood to 
mean at least 10% and preferably 50% or more of 
the area not occupied by the switching signal and 
data signal conductors 5 and 6. 

By storing charge generated as a result of light 
being incident on the photosensitive elements 4a, 
the transparent capacitors act effectively to in- 
crease the sensitivity of the photosensitive ele- 
ments by enabling a high quantity of charge to be 
stored in response to light incident on the pho- 
tosensitive elements. This means that the light cap- 
turing area of the photosensitive elements 4 can be 
quite small while still providing sufficient signal to 
enable high accuracy in the sensing of an image. 
The array may be, for example, up to about 90% 
transparent enabling it to be provided over, prob- 
ably in contact with, a display device which may be 
a cathode ray tube or other form of electrooptic 
display device such as a liquid crystal display 
device, without the image sensor unduly interfering 
with the image projected by the display device 
during its normal use. 

Such an image sensor may be used, for exam- 
ple, to enable a contact image to be obtained 
merely by placing the document to be imaged onto 
the top of the combined display and image sensor. 
The image of the document may then be displayed 
by use of conventional electronic and video cir- 
cuitry to transfer the stored image directly to the 
display device. As another example, the image 
sensor may be used to enable a light pen or 
similar device to be used to 'write* onto the display 
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of a conventional cathode ray tube or liquid crystal 
display device. 

Figure 1 is a schematic circuit layout of one 
example of an image sensor 1a in accordance with 
5 the invention. 

In the example illustrated in Figure 1 , the array 

3 may have an overall size of up to 400 by 400mm 
with a pitch between adjacent photosensitive and 
switching elements of about 200um. For conve- 

;o nience only part of the array 3 is shown in full. 
Each photosensitive element may be a diode, gen- 
erally a p-i-n diode, which may also form the 
switching element. This diode is given the refer- 
ence numeral 4 in Figure 1. In this case each 

75 photosensitive and switching element 4a is con- 
nected in series with the capacitor 7 between a 
switching signal or row conductor 5 and a data 
signal or column conductor 6 so that each pho- 
tosensitive and switching element 4a is associated 

20 with a unique pairing of row and column conduc- 
tors 5 and 6 enabling each photosensitive element 

4 to be accessed individually. 

As illustrated in Figure 1 the row and column 
conductors 5 and 6 are arranged in a matrix of 1-m 

25 rows and 1-n columns (only three rows and col- 
umns being shown). The row conductors 5 are 
connected to a row driver or decoder/addressing 
circuit 8 while the column conductors 6 are con- 
nected including a charge-sensitive read-out am- 

30 plifier arrangement 9 which may be of conventional 
type. A read-out arrangement of the type described 
in EP-A-440282 could also be used. 

The matrix array of row and column conductors 

5 and 6 defines a grid of image areas 10 each of 
35 which is bounded by two adjacent pairs of inter- 
secting row and column conductors 5 and 6. In the 
example illustrated in Figure 1, each image area 10 
is associated with a single photosensitive and 
switching element 4a. 

40 In the example of Figure 1 , each photosensitive 
and switching element 4a is reverse-biassed by 
appropriate switching signals on the row conduc- 
tors 5 in order to enable sensing of an image so as 
to allow charge to be stored on the associated 

45 capacitor 7. Each photosensitive and switching ele- 
ment 4a may then be forward-biassed in succes- 
sion to enable the charge stored in the associated 
capacitor 7 to be read-out. Systems for addressing 
individual photosensitive elements and reading the 

50 charge (data) stored thereat are well known to the 
image sensing art (see for example EP-A-233104, 
EP-A-234968) and have derived, for example, from 
the active matrix addressing systems used for 
electro-optic, in particular LCD, displays. Accord- 

55 ingly, the details of the addressing and reading 
systems will not be given. 

Figure 2 illustrates very schematically a plan 
view of the top conductive levels of an image area 
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10 of the image sensor 1a together with at least 
parts of the row and column conductors 5 and 6 
bounding the image area. The area of the pho- 
tosensitive and switch element is indicated by the 
appropriate reference numeral in Figure 3 which is 
a cross-section along the line Ill-Ill of the image 
area 10 shown in Figure 2. 

In this example the transparent substrate 2 is 
formed of glass, although other materials even 
flexible materials such as suitable plastics materials 
could be used. The image sensor 1a is formed 
upon the transparent substrate 2 using conven- 
tional thin film processing techniques. Thus, in this 
case, the row conductors 5 are first formed by 
depositing and patterning a layer of a suitable 
opaque electrically conductive material, in this ex- 
ample chrome. The photosensitive and switching 
elements 4a are then formed as, preferably, n-i-p 
(with the p conductivity layer adjacent the chro- 
mium row conductors 5) diodes, although p-i-n 
diodes could be used, by depositing and then 
patterning appropriately doped layers 40,41 and 42 
of, in this example, amorphous silicon. An insulat- 
ing layer 11, for example of silicon oxide or silicon 
nitride is then deposited and patterned to form a 
window to enable contact to be made to the diodes 
4a. 

A layer of a transparent electrically conductive 
material, generally indium tin oxide, is then depos- 
ited and patterned to define the top contacts 12 to 
the diodes 4. The top contact 1 2 of each diode 4 is 
formed integrally with the bottom transparent elec- 
trode 7a of the associated capacitor 7. A layer 13 
of a transparent insulating material, such as silicon 
oxide or silicon nitride, is then deposited to form 
the capacitor dielectric followed by a layer of a 
transparent electrically conductive material, again 
generally indium tin oxide, which is patterned to 
define the top electrodes 7b of the capacitors 7 
and the column conductors 6. The conductivity of 
the column conductors 6 may, if necessary, be 
increased by depositing and patterning, for exam- 
ple, an aluminium layer so as to provide a compos- 
ite structure for the column electrodes 6. The com- 
pleted structure is generally be covered by a pro- 
tective transparent insulating layer 14 such as a 
layer of polyimide. 

As indicated schematically in Figures 2 and 3, 
the transparent capacitors 7 occupy a significant 
part of the image areas 10. Depending upon the 
particular application, the capacitors may have a 
capacitance in the range of from about 0.1 to about 
5pF (picofarads). The actual proportion of each 
image area 10 occupied by the capacitor 7 will 
generally be most dependent on the pixel pitch 
(that is the distance between the centres of adja- 
cent image areas 10) because it is likely that 
similar capacitances will be required even if the 
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pixel pitches are different. 1 Thus, "for example, 
where the pixel pitch is about 0.1mm (millimetres) 
then the capacitor 7 might occupy between 50% 
and 100% of the area 10 not occupied by the 

s conductors 5 and 6, while where the pixel pitch is 
about 0.2mm then the part of the area 10 occupied 
by the capacitors 7 may fall to 10% to 20% for a 
similar capacitance although, of course, larger 
capacitances could be used. It will be appreciated 

io that, although the use of extremely large area, (for 
example occupying 80% to 100% of the image 
area 10 as shown in Figures 2 and 3) may be 
advantageous in further increasing the dynamic 
range, even materials such as indium tin oxide 

rs (ITO) absorb a small amount of light and thus 
reduce the transparency of the device. In addition, 
the larger the area of the capacitors the more likely 
is the possibility of short-circuits due to pin-hole 
defects. 

20 The photosensitive and switching elements 4a 
are provided on top of the opaque row conductors 
5 which has the advantages of automatically shield- 
ing the photosensitive and switching elements 4a 
from light transmitted through the substrate 2 to- 

25 wards the photosensitive and switching elements 
4a and in addition means that the photosensitive 
element (which of course must absorb the light to 
be sensed and cannot therefore be transparent) is 
provided on an area of the image sensor 1 a which 

30 is already opaque. Accordingly, the amount of the 
image sensor 1a area which is opaque need not in 
any way affected by the presence of the photosen- 
sitive and switching elements 4a. Typically, as 
much as 90% of the entire area of the image 

35 sensor 1 a may be transparent. 

Figure 4 is a circuit layout of one image area 
10 for illustrating a modification of the circuit shown 
in Figure 1 which enables an even greater propor- 
tion of the area of the image sensor to be transpar- 

40 ent. 

In the image sensor 1b illustrated by way of 
the single image area 10 in Figure 4, a number of 
photosensitive and switching elements 4 are asso- 
ciated with the same pair of row and column con- 

45 ductors 5 and 6. In order to enable individual ones 
of the photosensitive and switching elements 4a to 
be accessed, threshold adjusting devices 14 are 
provided so that a different level of switching signal 
is required on the row conductor 5 to access 

so different ones of the photosensitive elements asso- 
ciated with the same pair of row and column con- 
ductors 5 and 6. In the example shown in Figure 4, 
the threshold adjusting devices 14 are in the form 
of additional diodes connected in series with the 

55 diodes forming the photosensitive and switching 
elements 4a. As shown in Figure 4, three photosen- 
sitive and switching element diodes 4a are asso- 
ciated with the same pair of row and column con- 
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ductors 5 and 6, although as indicated by the 
broken lines, more (or fewer) photosensitive and 
switching elements 5 and 6 could be associated 
with each image area 10. 

The number of series-connected additional di- 
odes 14 used to adjust the threshold voltage at 
which a given photosensitive diode 4a can be ac- 
cessed will of course depend on the characteristics 
of the threshold adjusting diodes 14 and the 
switching signal voltage levels which are available. 

The threshold adjusting diodes 14 may be 
formed on the opaque row conductors 5 in a simi- 
lar manner to the photosensitive diodes 4a. The 
threshold adjusting diodes 14 need of course to be 
shielded from the light to be detected by the pho- 
tosensitive diodes 4a. This may be achieved by 
forming the respective photosensitive diode 4 on 
top of the associated threshold adjusting diode or 
diode stack 14 or by providing an opaque 
(generally chromium) top contact for the threshold 
adjusting diodes 14. 

The separate capacitors 7\ 7 M and 7 ,M in the 
example shown in Figure 4 may be formed quite 
simply by patterning of the indium tin oxide layers 
in appropriate manner to define, in this case, three 
discrete capacitors of any desired geometry in 
each image area 1 0. The separate capacitors 7', 7" 
and 7'" may all be of the same or similar size so 
that each provides a similar value signal, thereby 
simplifying processing. Alternatively, the separate 
capacitors 7\ 7" and 7'" may have significantly 
different areas (and thus capacitances) which may 
facilitate identification of the particular capacitor 
supplying a signal, at the expense of further pro- 
cessing circuitry. In particular the capacitor T may 
be smaller than the capacitor 7" which may in turn 
be smaller than the capacitor 7"\ This may assist 
in ensuring that, when its signal is readout, each 
capacitor is fully discharged before the signal is 
read from the next higher threshold subsidiary 
pixel. x 

An image sensor 1b having image areas 10 
with the structure shown in Figure 4 has the addi- 
tional advantage that, as a unique pair of row and 
column conductors 5 and 6 is not necessary for 
each photosensitive and switching element the 
same degree of image resolution (pixel pitch) can 
be achieved with less, or more widely separated, 
row and column conductors 5 and 6, thereby re- 
ducing the amount of the area of the image sensor 
1b taken up by the opaque conductors 5 and 6 and 
so allowing a larger area of the image sensor 1b to 
be transparent. 

In the examples described above,- the pho- 
tosensitive and switching elements are provided by 
a single photosensitive diode 4a. However, the 
photosensitive elements may be separated from 
the switching elements. In such a case, the pho- 



tosensitive elements do not need to have a switch- . 
ing capability and could be for example photosen- 
sitive resistors. 

Figures 1 and 4 illustrate in phantom lines the 

s use of a separate photosensitive element 4b. As 
shown, the photosensitive element is a photosen- 
sitive diode 4b arranged in parallel with the asso- 
ciated capacitor 7. This photosensitive diode 4b is 
indicated by dashed lines in Figure 4. Figure 5 

w illustrates a possible structure for such a photosen- 
sitive diode 4b. As can be seen from Figure 5, the 
photosensitive diode 4b has a similar structure to 
that shown in Figure 3 for the combined photosen- 
sitive and switching diode 4a except that, of 

75 course, the photosensitive diode 4b is electrically 
isolated from the opaque row conductor 5 by an 
insulating layer 15 and the indium tin oxide layers 
providing the bottom and top electrodes 7a and 7b 
of the capacitor 7 are patterned so as to define the 

20 bottom and top electrodes 4*b and 4"b, respec- 
tively, of the photosensitive diode 4b. 

In this case, the other diode labelled 4a in 
Figures 1 and 4 is not intended to be photosen- 
sitive and should be shielded from the light in- 

25 cident on the image sensor in a manner similar to 
that described above in relation to the threshold 
adjusting diodes 14. 

Although the switching element and threshold 
adjusting diodes 4a and 14 have been described 

30 above as being p-i-n diodes, other types of diodes, 
for example thin-film Schottky diodes or other non- 
linear switching elements such as MIM devices 
may be used. Where such devices can be made to 
have sufficient photosensitivity they could also be 

35 used as the photosensitive elements, either as the 
separate photosensitive elements 4b (shown in 
dashed lines in Figures 1 and 4) or as the com- 
bined photosensitive and switching elements 4a 
described above. 

40 In each of the above modifications, the pho- 

tosensitive and switching elements may be formed 
on the opaque row conductors 5 so as to leave a 
maximum amount of each image area 10 free to be 
occupied by the transparent capacitor or capacitors 

45 7. 

It will be appreciated that other circuit arrange- 
ments and combinations of two-terminal photosen- 
sitive and switching elements may be used to form 
an image sensor in accordance with the invention. 

so Figure 6 illustrates another example of an im- 
age sensor 1c in which three-terminal switching 
elements, as shown thin film insulated gate field 
effect transistors (TFTs), 4c may be used in place 
of the two-terminal switching elements described 

55 above. In this case, the control or gate electrode of 
each TFT 4c is connected to a row conductor 5 
while one of the main electrodes (in this case the 
source electrode) is connected to a column con- 
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ductor 6. The other (drain) electrode of each TFT 
4c is connected to the parallel arrangement of the 
photosensitive element 4b and capacitor 7. Again 
the photosensitive element 4b may, as shown, be a 
diode although other photosensitive elements such 
as a photosensitive resistor or diode-connected 
photosensitive TFT may be used. The anode of the 
photosensitive diode 4b is connected to a common 
line 16 which is connected to a reference potential. 

In operation of the image sensor 1c, light in- 
cident on the photosensitive elements 4a is stored 
as charge on the capacitors 7. this charge is read- 
out via the column conductors 6 when the asso- 
ciated TFT 4c is rendered conducting by applica- 
tion of an appropriate switching signal to the appro- 
priate row conductor 5. 

Figure 7 is a schematic plan view of the elec- 
trode layout of the image sensor 1c. The region of 
the TFT 4c is indicated generally by an arrowed 
line as is the region of the photosensitive diode 4b 
Figure 8 is a cross-sectional view of such an image 
area 10 to show the structure of a TFT 4c. 

As can be seen from Figures 7 and 8, in this 
case the TFT 4c may be formed on top of the row 
conductor 5 which forms the gate line connecting 
all the gates of a row of TFTs 4c. The TFT 4c 
shown in Figure 8 is an inverted type B TFT having 
a generally chromium gate electrode 17a which 
may be provided directly on top of the row conduc- 
tor 5. 

Various layers are deposited and patterned to 
build up the TFTs 4c. Each TFT 4c has a gate 
insulating region 17b, generally formed of silicon 
dioxide or silicon nitride, covered by a channel- 
forming intrinsic semiconductor region 18, for ex- 
ample an amorphous or polycrystalline silicon re- 
gion. Doped semiconductor regions 19 may be 
provided to define source and drain contact regions 
between the channel-forming region 18 and source 
and drain electrodes 20 and 21. A protective in- 
sulating layer 22 may be provided over the channel 
region. 

A transparent insulating layer 23 generally of 
silicon dioxide or silicon nitride is provided over the 
surface of the structure and patterned to define 
windows to enable contact to be made to the 
source and drain electrodes 20 and 21. Metal- 
lisation is then deposited and patterned to define 
the opaque column conductors 6 connecting the 
source electrodes of each TFT 4c in a column of 
TFTs and transparent, generally indium tin oxide 
(ITO), drain conductors which extend to form the 
bottom electrodes 7a of the capacitors 7. 

A further transparent insulating layer 13 is pro- 
vided over the structure followed by a further trans- 
parent, generally ITO, layer which provides, as an 
integral metallisation, the top electrodes 7b of the 
capacitors 7 and the common line 16. This is 



followed by a protective transparent ' passivati rig 
layer 14 which is generally a polyimide layer. 

The photosensitive diodes 4b may be formed 
with the TFTs 4c or separately using appropriate 

5 masks to enable the respective device characteris- 
tics to be optimised. The photosensitive diodes 4b 
may have a structure similar to that shown in 
Figure 5 where, of course, in this example the top 
electrode 7b of the capacitor also forms the com- 

w mon electrode 16. 

Again, as in the examples described with refer- 
ence to Figure 1, the proportion of each image 
area 10 which can be occupied by the transparent 
capacitor 7, or may be free of components and 

75 thus transparent, can be increased by as described 
above providing the photosensitive and switching 
elements 4b and 4c on the row conductors 5. 

Figure 9 illustrates an image area 10 of a 
modified version 1d of the image sensor 1c. The 

20 image sensor 1d is related to the image sensor 1c 
in a similar manner as the image sensor 10 of 
Figure 1 is related to the image sensor 1b of 
Figure 4. Thus, in the image sensor 1d, each 
unique pair of row and column conductors 5 and 6 

25 defining an image area 10 is associated with a 
number of photosensitive elements 4b each with its 
own switching element 4c. In this case the thresh- 
old adjusting means necessary to enable access, 
as described above in relation to Figure 4, of 

30 individual photosensitive elements 4b adjusts the 
gate voltage necessary to turn on a particular TFT 
4c. This may be achieved by using TFTs with 
different gate threshold voltages, by for example 
adjusting the gate insulating region thickness, or by 

35 the insertion between the gate electrode 17 and the 
row conductor 5 of a threshold adjusting device for 
example a capacitor 24 (shown in phantom lines in 
Figure 9) or a diode or similar device. In other 
respects the image sensor 1d is similar to the 

40 image sensor 1c. The image sensor 1d enables 
access of individual photosensitive elements 4b in 
a manner similar to that described above with 
reference to Figure 4. 

It will of course be appreciated that various 

45 different circuit configurations, be they diode 
switching or TFT switching arrangements, may be 
used. Moreover, the photosensitive and switching 
elements need not necessarily be provided on top 
of the row conductors 5 although this would nec- 

50 essarily reduce somewhat the proportion of each 
image area 10 which could be made transparent. 

When each image area 10 is associated with a 
number of photosensitive elements 4 then these 
may be made sensitive to different wavelengths, for 

55 example by the incorporation of colour filters in a 
manner similar to that known for electro-optic dis- 
plays such as liquid crystal displays, so as to 
enable colour image sensing. 
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The image sensors described above may be 
used, for example, to form an image of a document 
placed directly upon the transparent protective lay- 
er 14. 

In each of the examples described above, 
charge stored on the capacitors 7 representing an 
image sensed by the photosensitive elements 4b is 
read out via the read-out amplifier 9 by accessing 
each photosensitive element 4b and the associated 
capacitor 7 individually as described above. The 
image signal data thus obtained may be supplied, 
for example, to a frame store for subsequent dis- 
play on a display device such as a cathode ray 
tube or other electrooptic display device for exam- 
ple a liquid crystal display device. Alternatively the 
image signal data may be stored on an appropriate 
medium, WORM, RAM etc. for later use or may be 
subject to computer processing before storage or 
display. 

As described above, an image sensor in accor- 
dance with the invention can be made very trans- 
parent, potentially in the region of 70 to 80% 
transparent. This enables the image sensor to be 
placed over or mounted on top of a display device 
whilst still enabling the display to be viewed. Such 
a display may be, for example, a cathode ray tube 
(CRT), a liquid crystal (LCD) or other electro-optic 
display or any other form of visual display (such as 
an instrumentation display panels using the image 
sensor as a convenient way of inputting data). If the 
transparent substrate 2 of the image sensor can be 
made of a flexible, for example plastics, material 
and enable the entire image sensor to have some 
degree of flexibility it may be possible to apply 
image sensor in accordance with the invention to a 
conventional CRT or other display having a curved 
surface. Also, with appropriate electronic circuitry 
of conventional type it may be possible to allow the 
data to be input to the display via, for example, a 
light pen or directly from a document placed on the 
image sensor. 

An image sensor in accordance with the 
present invention may have particular applications 
in relation to LCD or similar active matrix ad- 
dressed displays. The usual form of a liquid crystal 
display device is well known and will not be de- 
scribed in detail here. Generally speaking the cir- 
cuit layout of an active matrix addressed LCD 
display will be similar to that of the image sensor 
shown in Figure 1 or Figure 6 with of course 
several important differences. In particular, the pho- 
tosensitive elements will generally be omitted and 
the capacitors, while present, will be those pro- 
vided by the liquid crystal material and associated 
electrodes. The switching elements represented as 
diodes in Figure 1 may in the case of an LCD 
display be any suitable form of non-linear switching 
device such as p-i-n diodes, MIMs etc. 



In the case of a liquid crystal display the re- 
spective areas, corresponding to the image areas 
10, bounded by the row and column conductors, 
are normally known as picture elements or pixels. 

5 Figure 10 is a cross-sectional view through one 

pixel 31 of a liquid crystal display device 30 having 
a TFT switching element based active matrix array. 
Generally, the circuit layout in this case will be 
similar to that shown for the image sensor in Figure 

10 6 except that, again, the photosensitive elements 
will generally be omitted and the capacitors repre- 
sent the capacitances of the liquid crystal display 
elements. 

For more detailed information on LCD displays 
75 reference made be made to, for example, US Pat- 
ent No. 3862360 or a paper entitled 'Liquid Crystal 
Matrix Displays' by Lechner et al published in the 
Proceedings of the IEEE Vol. 59, No. 11, Novem- 
ber 1971 at pages 1566-1579 or any readily avail- 
20 able standard text. 

The liquid crystal display 30 has two spaced- 
apart transparent, normally glass, substrates 32 
and 33 defining therebetween a gap in which twist- 
ed nematic liquid crystal material 34 is disposed. 
25 Although not shown, polarising layers are normally 
provided on the outer surfaces of the substrates 32 
and 33. 

The upper substrate 33 carries a transparent, 
generally ITO, electrode which forms the common 

30 electrode 34 of the picture elements 31 . The lower 
substrate 32 carries the switching elements 35 
which in this example are of similar structure to 
that described above with reference to Figure 8 
and. will not be described further. The same refer- 

35 ence numerals have been used in Figure 10 as in 
Figure 8. In this case, however, the ITO drain 
electrode of each TFT 35 extends to form a lower 
. electrode 36 of the picture element and the pas- 
sivating insulating layer 13 is covered by an ori- 

40 entation layer 37 of a polymer material. 

The transparent common electrode 34 carries a 
light shield in the form of a matrix of light shielding 
areas 38 of insulative material which act to shield 
the switching elements 35 from scattered light or 

45 light incident on the upper substrate 32. The com- 
mon electrode 34 may also carry a colour filter 
layer 39 which defines a matrix of adjacent filter 
regions of red, green and blue filter material ar- 
ranged in known manner so that the outputs from 

so the corresponding group of three picture elements 
can combine to produce a colour image. A further 
orientation layer 40 is provided between the liquid 
crystal material and the light shielding areas 38. 
As described in, for example, GB-A-21 98969 or 

55 EP-A-271960, each picture element 31 may be 
divided into subsidiary picture elements accessible 
by respective switching elements with some appro- 
priate form of threshold adjusting device being 



9 



15 



EP 0 569 090 A1 



16 



provided to enable different subsidiary picture ele- 
ments associated with the same pair of row and 
column conductors to be accessed individually by 
the use of different switching signals so as to 
improve the grey scale (or colour resolution) of the 
image which can be produced by the display. 

An image sensor in accordance with the inven- 
tion may be combined with an LCD display of the 
type described above. Figure 11 illustrates sche- 
matically and in only the brief outline necessary for 
comprehension a cross-section through such a 
combined display and image sensor. 

As shown in Figure 11, the substrate 2 of an 
image sensor 1 (for example any of the ones 
described above with reference to Figures 1 to 9) 
in accordance with the invention is mounted di- 
rectly on top of the upper substrate 33 of the LCD 
display 30 so that the LCD display has to be 
viewed through the image sensor 1 . The substrates 
2 and 33 may, if desired, be secured together by 
means of a suitable transparent adhesive or the 
image sensor 1 may be removably mounted on top 
of the display device 30. Figure 11 shows a docu- 
ment D to be sensed being placed on top of the 
image sensor 1 . 

Because the LCD display 30 and image sensor 
1 have similar active matrix addressing arrange- 
ments, the two device structures can be formed so 
that their row and column conductors are aligned 
and coincident. In particular, the opaque row con- 
ductors 5 of the image sensor 1 can be aligned 
with the light shield areas 38 of the LCD display. 
The display 30 may be secured to the image 
sensor 1 by means of, for example, a UV (ultra 
violet) curable epoxy resin and alignment may be 
achieved by, prior to UV exposure, flood illuminat- 
ing the image sensor 1 with the back light of the 
display 30 and moving the image sensor 1 relative 
to the display 30 until a maximum light output (as 
detected by an appropriate meter) is achieved from 
the image sensor 1. This means that the opaque 
row conductors 5 do not obstruct or obscure any of 
the image displayed by the LCD display and be- 
cause the image sensor 1a is otherwise almost 
completely transparent any image displayed by the 
LCD display can be viewed in its entirety without 
any difficulty. The fact that the photosensitive ele- 
ments 4a are provided on the opaque row conduc- 
tors 5 means that the photosensitive elements are 
automatically shielded from the back illumination 
light source 0 of the liquid crystal display device. 

The use of an image sensor such as those 
described above with reference to Figures 4 and 9 
where a number of photosensitive elements are 
associated with the same pair of row and column 
conductors has particular advantages in that it en- 
ables the image sensor to have a resolution greater 
than the display device 30 to enable, for example, 



the reading or imaging of text, without having to 
have an increased number of row and column 
conductors which would otherwise reduce the 
transparency of the sensor and obscure part of the 

s display. 

With appropriate conventionally available cir- 
cuitry the image data signals read-out from the 
image sensor 1 may, possibly via an appropriate 
store such as a frame store, be supplied to the 

w display device. This should enable the image sen- 
sor 1 to be used to 'write' on the display or to 
otherwise modify a displayed image using for ex- 
ample a light pen. 

As indicated above it may be possible to make 

75 the image sensor sensitive to colour so enabling 
writing in full colour on a colour LCD display. 

Alternatively, a colour LCD display could be 
used together with a 'grey scale' image sensor to 
enable the image sensor to sense a full colour 

20 image by for example using the display to illu- 
minate the sensor sequentially with red, green and 
blue light. The sets of image signals sensed by the 
image sensor 1 under each of these different col- 
our illuminations can then be read out sequentially 

25 via the read-out amplifiers and combined to pro- 
duce a composite set of signals representing the 
full colour image. This has the advantage that the 
image sensor itself need not be adapted for colour 
sensing. It will of course be appreciated that pho- 

30 tosensitive elements, such as amorphous silicon 
diodes, which are sensitive over the entire visible 
range should be used and that weighting factors 
may need to be incorporated when combining the 
signals to take account of the variation of quantum 

35 efficiency with wavelength. The image sensor may, 
as described above with reference to Figures 10 
and 11 in conjunction with Figure 4 or 9,have a 
higher resolution than the display because the light 
passing through the display is not strictly parallel 

40 but diverges and because generally the separation 
of the liquid crystal display plane and the imaging 
plane, as set by the thickness of the substrates at 
typically about 2mm, is much greater than the pixel 
pitch which may be typically 200um (micrometres). 

45 This means that the divergence of the light emitted 
by the LCD display under each separate colour 
illumination is such that the entire area of the 
document or object to be imaged is illuminated 
although only a third of the area of the display is 

so generating the illumination. 

Of course colours other than red, green and 
blue (for example white plus two primary or two 
secondary (cyan, megneta or yellow) colours or the 
three secondary colours could be generated by the 

55 display and used to provide such a full colour 
sensor. 

From reading the present disclosure, other 
modifications and variations will be apparent to 
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persons skilled in the art. Such modifications and 
variations may involve other features which are 
already known in the semiconductor art and which 
may be used instead of or in addition to features 
already described herein. Although claims have 
been formulated in this application to particular 
combinations of features, it should be understood 
that the scope of the disclosure of the present 
application also includes any novel feature or any 
novel combination of features disclosed herein ei- 
ther explicitly or implicitly, whether or not it relates 
to the same invention as presently claimed in any 
claim and whether or not it mitigates any or all of 
the same technical problems as does the present 
invention. The applicants hereby give notice that 
new claims may be formulated to such features 
and/or combinations of such features during the 
prosecution of the present application or of any 
further application derived therefrom. 

Claims 

1. An image sensor comprising a transparent 
substrate supporting a two dimensional array 
of photosensitive and switching elements with 
switching signal conductors and data signal 
conductors connected to the photosensitive 
and switching elements for enabling individual 
photosensitive elements to be accessed, the 
photosensitive and switching elements and 
conductors being arranged such that at least 
half of the area of the image sensor is trans- 
parent during operation, characterised in that 
each photosensitive element is electrically 
coupled to a respective capacitor for storing 
charge generated as a result of light being 
incident on the photosensitive element, the ca- 
pacitors being formed so as to be transparent 
and so as to occupy a significant part of the 
entire area of the array. 

2. An image sensor according to Claim 1, 
wherein at least the switching signal . conduc- 
tors are opaque and the photosensitive ele- 
ments are provided on the switching signal 
conductors so as to be shielded from the 
transparent substrate by the switching signal 
conductors. 

3. An image sensor according to Claim 1 or 2, 
wherein two or more photosensitive elements 
are associated with the same pair of switching 
signal and data signal conductors and are ar- 
ranged to have different switching signal 
thresholds so that the two or more photosen- 
sitive elements can be accessed separately by 
applying different threshold switching signals 
to the switching signal conductor. 



4. An image sensor comprising a transparent 
substrate supporting a two dimensional array 
of photosensitive and switching elements and 
switching signal conductors and data signal 
5 conductors connected to the photosensitive 

and switching elements for enabling individual 
photosensitive elements to be accessed, the 
photosensitive and switching elements and 
conductors being arranged such that a sub- 
to stantial part of the area of the image sensor is 
transparent, the switching signal conductors 
being opaque and the photosensitive and 
switching elements being provided on the 
switching signal conductors so as to be shield- 
75 ed from the transparent substrate characteris- 
ed in that two or more photosensitive elements 
are associated with the same pair of switching 
signal and data signal conductors and are ar- 
ranged to have different switching signal 
20 thresholds so that the two or more photosen- 
sitive elements can be accessed separately by 
applying different threshold switching signals' 
to the switching signal conductor. 

25 5. An image sensor according to Claim 3 or 4, 
wherein the different switching signal thresh- 
olds are provided by connecting each of the 
two or more photosensitive elements to the 
associated switching signal conductor by sepa- 

30 rate switching elements r having different 

switching thresholds. 

6. An image sensor according to Claim 5, 
wherein each switching element comprises a 

35 diode or a number of series-connected diodes. 

7. An image sensor according to Claim 5, 
wherein each switching element comprises an 
insulated gate field effect transistor and the 

40 transistors associated with difference ones of 

the two or more photosensitive elements have 
different threshold voltages. 

8. An image sensor according to Claim 5, 
45 wherein each switching element comprises an 

insulated gate field effect transistor and a re- 
spective voltage-adjusting element is provided 
between the gate electrode of the transistor 
and the switching signal conductor. 

50 

9. The combination of an electro-optic display 
device with an image sensor in accordance 
with any one of the preceding claims, wherein 
the image sensor is mounted to the display 

55 surface of the display device so that an image 

provided by the display device is viewed 
through the image sensor. 
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10. The combination according to Claim 9, wherein 
the electro-optic display device comprises an 
active matrix display device having a transpar- 
ent substrate supporting a two-dimensional ar- 
ray of picture elements and signal conductors 5 
and data signal conductors for enabling in- 
dividual picture elements to be accessed via 
associated switching elements and wherein the 
display device conductors are aligned with the 
corresponding conductors of the image sensor. 10 

11. The combination according to Claim 10, 
wherein the display device carries a mask for 
shielding the switching elements from incident 
light and the switching signal conductors of the 75 
image sensor are aligned with the mask. 

12. The combination according to Claim 9,10 or 
11, wherein the electro-optic display device is 

a colour display device. 20 

13. A method of forming a colour image sensor 
which method comprises providing an image 
sensor in accordance with any one of Claims 1 

to 8 on a colour display device, activating the 25 
colour display device so as to illuminate an 
image being sensed by the image sensor se- 
quentially with three different colours of light, 
reading out sets of signals from the image 
sensor representing the image as sensed un- 30 
der each different colour illumination and com- 
bining the three sets of signals to produce a 
set of composite signals representing the full 
- colour image. 

35 

14. A method according to Claim 13, which further 
comprises illuminating the image with red, 
green and blue light in any desired sequence. 
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